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Microsatellite polymorphisms in the epidermal growth factor
receptor (EGFR) gene and the transforming growth factor-a
(TGFA) gene and risk of oral cancer in Puerto Rico

Daehee Kang®?", Gloria Gridley®, Wen-Yi Huang®, Lawrence S. Engel®,
Deborah M. Winn9, Linda M. Brown®, Eleuterio Bravo-Otero®, Tianxia Wu"",

Scott R. Diehl"" and Richard B. Hayes"

Objectives and methods Risks of oral cancer related to a
CA microsatellite repeat polymorphism in intron 1 of the
epidermal growth factor receptor (EGFR) gene and a Taq|l
polymorphism in the transforming growth factor-a (TGFA)
gene were evaluated in a population-based case-control
study consisting of 157 cases and 149 controls recruited in
Puerto Rico.

Results Carriers of > 16 CA repeats in EGFR showed a
1.9-fold increased risk for oral cancer (OR=1.9, 95%
Cl=1.0-3.5). Risks also tended to increase with decreasing
number of alleles with > 16 CA repeats (P for trend =0.06).
Our data suggested a non-significant reduction in risk for
subjects heterozygous for the TGFA polymorphism
(OR=0.6, 95% CI=0.2-1.3).

Conclusions The EGFR-associated risk appeared to be
independent of tobacco and alcohol use and may be
restricted primarily to subjects who consumed low
amounts of fresh fruits and vegetables (OR=5.9, 95%Cl:

Introduction

Epidermal growth factor receptor (EGFR), a trans-
membrane glycoprotein member of the erbB family of
type-1-tyrosine kinases [1], plays a crucial role through
downstream signaling pathways in cell cycle progression,
survival, and proliferation [2]; however, EGFR is over-
expressed in many tumor types and is associated with
poorer clinical outcomes [3]. EGFR mRNA and protein
and the EGFR ligand, transforming growth factor-o
(T'GFA), are found at increased levels in head and neck
cancers and in histologically normal mucosa up to several
centimeters away from the primary tumor site (but not in
control normal mucosa) [4]. Aberrant overexpression of
EGFR is also observed in premalignant oral leukoplakias
[5], further suggesting the importance of the TGFA/
EGFR signaling pathway in the early stages of oral
carcinogenesis. Fewer CA repeats in an intron 1
polymorphism in EGFR are associated with greater
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in-vitro transcriptional activity [6] and a Taql polymorph-
ism in 7GFA may be associated with the birth defect
orofacial clefting [7-8], but the role of these genetic
variants in oral cancer is unknown.

Oral cancer is more common in Puerto Rico (men 18.5/
100000, women 4.5/100000) than among Hispanics in
the USA 50 states (men 8.9/100 000, women 2.7/100 000)
[9], with the greatest risks among heavy tobacco and
alcohol users [10] and those who consume relatively low
quantities of fresh fruits and vegetables [11]. In a
population-based case—control study, we evaluated risks
for oral cancer associated with the EGFR CA repeat and
TGFA Tagql polymorphisms, in relation to previously
identified oral cancer risk factors in this population.

Methods

Study subjects

These data are part of a population-based, case—control
study conducted in Puerto Rico to investigate risk factors
for oral cancer [10-12]. In brief, all Puerto Rican men and
women, aged 21 to 79 years, diagnosed with newly
incident histologically confirmed cancer of oral cavity and
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pharynx between December 1992 and February 1995,
were included for study through the Puerto Rico Central
Cancer Registry and island pathology laboratories. Popu-
lation controls with no history of oral cancer were selected
from residents of Puerto Rico. After exclusion of cases with
cancer of the salivary gland because of small numbers (7%)
and different etiology [13], 342 cases (70% of eligible) and
521 controls (83% of eligible) were interviewed. All
subjects gave written informed consent to participate
in the study. The study protocol was approved by the
National Cancer Institute institutional review board.

Interview data

Detailed information on demographic characteristics,
tobacco use (including tobacco type, age started, age
stopped, total years and amount usually used), alcohol
use (including beverage type, age started, age stopped,
total years used and usual weekday and weekend
consumption), usual adult diet, and other selected factors
was collected by trained interviewers using a structured
pre-tested questionnaire. Lifetime smoking was esti-
mated from usual daily number of cigarettes smoked and
total years of use. Cigarette smokers were persons who
had smoked at least 100 cigarettes in their lifetime.
Lifetime alcohol intake was estimated from weekly intake
(combining weekday and weekend amounts) and total
years of use. Persons were considered to be alcohol
drinkers if they had at least 12 drinks of any kind of
alcohol in their lifetime.

Diet was assessed through 104 food and beverage
frequency questions asking the subjects to estimate
usual consumption ‘during most of their adult life’. The
food-frequency questionnaire was designed specifically
for this study population. Nutrient indices were com-
puted by multiplying each subject’s food-frequency
responses by a matrix of standard portion size and
nutrient density estimates, derived from USDA food
composition tables for 375 food items, including several
USDA food items specific for foods consumed in Puerto
Rico.

Biological sample collection

A sub-set of 283 cases and 258 controls were selected to
provide oral epithelial cell specimens based on their
residence and date of interview. Detailed eligibility
criteria were provided elsewhere [14]. We successfully
obtained oral epithelial cell specimens and DNA samples
for genotyping from 53% of cligible cases (z = 149) and
58% of controls (7 =149) [11].

Genotyping method

The EGFR microsatellite marker was fluorescently
labeled and PCR reactions were performed in a total
volume of 5pul containing PCR buffer, 50 ng genomic
DNA, 800pum dinucleotide triphosphates (dNTPs),

0.25um. primers, and 0.25U Taq polymerase. The
reaction was incubated for 28 cycles with denaturation
at 94°C for 1min, annealing at 55°C for 1min, and
extension at 72°C for 2min. PCR products were size
fractionated on 377 DNA Analyzers (trademark label) and
genotypes were scored using GENESCAN and GENO-
TYPER computer programs [15-16]. The TGFA Taql
polymorphism PCR was performed in a total volume of
15ul containing 40ng of genomic DNA, 0.3 um each
primer, 200um dNTPs, PCR buffer, and 0.25U Taql
polymerase. The PCR products were resolved on 6%
NusSieve gels to identify 117 and 113 bp products [7,17].
CA repeat polymorphisms of £GFR were assessed in 124
cases and 138 controls and 7GFA polymorphisms were
evaluated in 130 cases and 132 controls. Three cases did
not have enough DNA for PCR amplification, 22 cases
and 11 controls could not be assigned an EGFR genotype
after repeated assay attempts and 15 cases and 17
controls failed for TGFA genotypes.

Statistical analysis

Odds ratios and 95% confidence intervals (CI) were
calculated by unconditional logistic regression analysis,
adjusted for age and sex. On the basis of the estimated
relative risks for oral cancer [10], we categorized tobacco
smokers into four groups (never, 1-10, 11-20, > 20
cigarettes/day). Alcohol users were categorized in tertiles
of use (based on the distribution in the controls). For
fresh fruits and vegetables, subjects were categorized in
tertiles of consumption, again based on the distribution
in controls. In multivariate analyses, categories were
combined to increase the statistical power, with final
categories designed to have similar numbers in each
category. Thus, additional adjustment was carried out for
smoking (never, 1-20, >20 cigarettes/day), alcohol
(drinks/week >24 vs. < 24), and fresh fruits and
vegetable consumption (servings/day > 3.1 vs. < 3.1).
The statistical model was constructed by adjusting
covariates identified as significant predictors from the
initial univariate analyses. To test for trend, the exposure
variables were treated as continuous in the model. The
product variable between genotype and exposure risk
factors [genotype x exposure] was included in the logistic
model when evaluating the multiplicative interactive
effect of selected genotypes and previously identified risk
factors.

Results

The risk factor profiles for environmental exposures (i.c.,
tobacco, alcohol, and diet) among the sub-set of subjects
with biological samples in this study were similar to
those previously reported for the full case—control series
(Table 1) [10-11]; risks increased as smoking and
alcohol use increased and fresh fruits and vegetables
consumption decreased. Self-reported ethnicity was
comparable between cases (66% whites, 11% blacks,
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Table 2 Allele frequencies of EGFR microsatellite polymorphisms

Table 1 Selected characteristics of study subjects, Puerto Rico
Characteristic Cases Controls OR" 95% ClI
n % n %

Smoking (cigs/days)
Never 22 14.8 65 43.6 1.0
<10 21 141 40 26.8 1.4 0.7-3.0
11-20 42 28.2 26 174 4.3 2.1-8.9
>20 64 43.0 18 121 9.0 4.2-191
P trend <0.001
Alcohol (drinks/week)
Never 13 8.7 41 275 1.0
<6 11 7.4 36 24.2 1.1 0.4-3.1
6-24 19 12.8 36 24.2 2.9 1.0-8.7
>24 106 71.1 36 24.2 14.0 5.0-39.3
<0.001
Fresh fruits & vegetables (servings/day)
>5 26 174 50 33.6 1.0
3.1-5 37 24.8 49 32.9 1.6 0.8-3.1
<3.1 86 57.7 50 33.6 3.7 1.0-6.8
P trend <0.001

“Adjusted for age and sex.

23% others) and controls (70% whites, 7% blacks, 23%
others). The frequency of the 13 CA dinucleotide repeat
alleles in intron 1 of KGFR observed among our study
subjects did not significantly differ between oral cancer
cases and controls (P =0.57). The frequencies in our
subjects, respectively, for the most common alleles were:
16 CA dinucleotide repeat (118 bp fragment length): 38%
in cases and 32% in control; 18 repeats (122 bp): 18% in
cases and 17% in control; 20 repeats (126 bp): 19% in
cases and 24% in control. The allele frequencies observed
in this study are similar to a recent report among 183
Caucasians (43%, 16%, and 21%, respectively) and
84 African-Americans (42%, 7%, and 14%, respectively;
Table 2) [15].

Although there were no overall differences in EGFR allele
frequencies between oral cancer cases and controls, we
conducted three exploratory analyses, each focusing on
one of the three most common FEGFR microsatellite
alleles noted above, pooling the other 12 alleles into a
single group, and adjusting for the established risk factors
for oral cancer age, sex, smoking, alcohol drinking and
consumption of fresh fruits and vegetables. This ex-
ploratory analysis most strongly suggested that the 16 CA
repeat allele was associated with increased cancer risk.
Because a functional study [6] suggests that expression of
EGFR is related to the numbers of CA repeats, for
primary analysis, we compared subjects having < 16 CA
repeats versus a pool of all alleles larger in size since
alleles smaller than 16 CA repeats were rare (a total of
4% allele frequency in cases, 5% in controls, Table 2). We
found that subjects having either one or two copies of

Polymorphisms Cases Controls Caucasians” African-
Americans”
n % n % n % n %
<16 10 4 13 5 14 4 9 5
16 93 38 89 32 158 43 70 42
17 23 9 30 11 21 6 26 15
18 44 18 47 17 59 16 11 7
19 10 4 14 5 7 2 15 9
20 46 19 67 24 77 21 24 14
>20 22 9 16 6 30 8 13 8
Total 248 100 276 100 366 100 168 100

“From Ref [15].

Table 3 Oral cancer risk by genetic polymorphism of EGFR
microsatellite and TGFA Taql

*

Genotype Cases Controls OR 95% ClI
n % n %
EGFR CA repeats
both alleles >16 43 34.7 57 41.3 1.0
one allele <16 59 47.6 60 43.5 1.8 0.9-35
both alleles < 16 22 17.7 21 15.2 2.1 0.9-5.2
P for trend 0.06
both alleles >16 43 34.7 57 41.3 1.0
any alleles <16 81 65.3 81 58.7 1.9 1.0-8.56
TGFA
C1/C1 117 89.3 107 81.1 1.0
C1/C2 13 9.9 25 18.9 0.6 0.2-1.3
C2/C2 1 0.8 0 (o] -
C1/CH 117 89.3 107 81.1 1.0
Any C2 14 10.7 25 18.9 0.7 0.4-1.4

*Adjusted for age (< 65, 66-71, >72), sex, smoking (never, 1-20, >20
cigarettes/day), alcohol (drinks/week >24 vs. < 24), and fruit & vegetables
consumption (servings/day >83.1 vs. < 3.1).

an EGFR allele with < 16 CA repeats showed 1.9-fold
increased risk for oral cancer (OR=1.9, 95% CI =1.0-
3.5), after adjustment for cigarette and alcohol use and
fresh fruits and vegetable consumption. Risks also tended

to increase with decreasing number of alleles with 16 CA
repeats (P for trend = 0.06; Table 3).

The TGFA C2 allele was of low frequency in our study
(6% in cases and 9% in controls, not significantly
different) and similar to a previous report of 1319
unrelated individuals (7%) [17]. Heterozygotes for this
allele showed a non-significant reduction in cancer risk
(OR = 0.6, 95% CI = 0.2-1.3; Table 3).

The association between the EGFR short sequence
repeat and oral cancer was stronger in heavy smokers
(OR=9.1, 95% CI =2.3-35.7) and heavy alcohol users
(OR =119, 95% CI = 4.3-32.8), compared with never
smokers or non/light drinkers with other genotypes. The
patterns of risk were consistent with independent effects
of the exposures and the gene variants (P for interaction
=0.99, for smoking, and P for interaction = (.58, for
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Table 4 Joint effect between EGFR microsatellite polymorphism and smoking, alcohol and fruit/vegetables consumption on oral cancer

(cases/controls)

Smoking Alcohol Fresh fruits and vegetables
Never < 20 cigs/day > 20 cigs/day < 24/wk >24/wk >3.1/day < 3.1/day
EGFR CA repeats
both alleles >16 1.0 (5/26) 3.8 (1.4-10.6) 4.8 (1.6-15.0) 1.0 (10/41) 7.6 (3.3-17.6) 1.0 (15/39) 2.2 (1.0-4.6) (28/
(15/23) (23/8) (33/16) 18)
any Alleles <16 2.0 (0.6-6.9) 6.8 (2.1-21.7) 9.1 (2.3-35.7) 2.2 (0.9-5.4) 11.9 (4.3-32.8) 1.2 (0.5-3.0) 5.9 (2.3-15.2)
(14/33) (35/40) (32/8) (24/63) (57/18) (38/51) (43/50)
OR (95% Cl) in
each subgroup 2.0 (0.5-7.0) 1.7 (0.7-4.3) 2.0 (0.5-8.4) 2.2 (0.9-5.4) 1.6 (0.6-3.8) 1.2 (0.5-3.0) 2.6 (1.1-6.3)
P for interaction 0.99 0.58 0.21

*Adjusted for age < 65, 66-71, > 72), sex, and other variables; smoking (never, 1-20, >20 cigs/day), alcohol (drinks/wk >24 vs. < 24), and fruit & vegetables

consumption (servings/day >3.1 vs. < 3.1).

alcohol; Table 4). Carriers of alleles with > 16 CA
repeats in £GFR who had low fresh fruit and vegetable
intake were at excess risk for oral cancer (OR =5.9,
95%CI: 2.3-15.2) compared to high consumers of fresh
fruits and vegetables with other genotypes (Table 4).
There were no significant interactive effects observed
between 7TGFA variants and other known risk factors
(data not shown).

Discussion

Our study in Puerto Rico is the first to suggest that risks
for oral cancer may be greater in carriers of short-
sequence CA dinucleotide repeats in intron 1 of £EGFR.
This is consistent with in-vitro studies showing that
alleles with 16 CA repeats are associated with increased
EGFR expression [6] and human studies showing that
increased expression is related to oral carcinogenesis
[5,18] and cancers at other sites [1,19-20]. The Taql
variant in TGFA, for which there is only indirect evidence
of functional effects [7-8], showed no significant relation
to oral cancer risk. However, since the frequency of the
less common 7GFA allele is very low, our power to detect
an association is limited.

Risks are greatest for the subset of subjects with fewer
CA repeats in EGFR who were heavy smokers and alcohol
drinkers; however, the findings of no significant multi-
plicative interaction between smoking, alcohol and EGFR
genotype indicate that tobacco and alcohol-associated
risks may act independently of KGFR genotype status.
Tobacco-alcohol oral carcinogenesis probably operates
through genotoxic mechanisms [21], independent of
EGFR-regulated cell-cycle control and proliferation. For
public health concerns, however, these independent
genetic effects add substantially to the high predictive
risks for oral cancer in people with these high-risk
behaviors.

Although the relative protection of dietary factors appears
more modest than the tobacco- and alcohol-associated

increases in risk, there is much epidemiologic support for
our finding that fresh fruits and vegetables provide
protection from oral cancer [22]. Our study showed
increased risks for oral cancer only in low users of fresh
fruits and vegetables and in this group fewer £FGFR CA
repeats tended to be related to relatively greater risks. In
contrast, no impact of £GFR genotype on oral cancer risk
was found in subjects consuming greater amounts of fresh
fruits and vegetables. Although this contrast is intriguing,
we note that the formal test for interaction was not
significant (P = 0.21, Table 4) and the finding should be
viewed with caution pending replication in an indepen-
dent sample.

Retinoids and related Vitamin A analogs are anticarcino-
genic for oral and respiratory epithelia [23-25], possibly
through EGFR down-regulation [26]; however, the
chemically similar beta-carotene, found in fruits and
vegetables, does not appear to offer such protec-
tion [26,27]. In our study we also ruled out dietary folate
as a protective source [11]. Other components of fresh
fruits and vegetables may impact on the EGFR signaling
pathway.

Our results for EGFR could be an artifact due to
‘population stratification’, if (a) the ‘at-risk’ genotypes
occurred more frequently in a particular ethnic sub-group
of the Puerto Rican population and (b) this same ethnic
group was, for other reasons, at greater risk for oral cancer
(e.g., were consumers of greater amounts of tobacco and
alcohol). In our study, self-reported ethnicity did not
differ substantially between cases (66% whites, 11%
blacks, 23% others) and controls (70% whites, 7% blacks,
23% others) suggesting that ethnicity, per se, is not an
important risk factor for oral cancer in Puerto Rico. Also,
for our study the allele frequency pattern did not differ
for self-reported whites and blacks. And further, from a
US study no differences in allele frequency were
observed for whites and African-Americans. We found
no evidence that ethnicity is a risk factor in Puerto Rico



or that KGFR variability is associated with ethnicity, the
two criteria necessary for false association due to
population stratification.

In conclusion, this study of polymorphic variants in cell-
cycle-related EGFR and TGFA genes suggested that short
sequence CA repeats in EGFR, associated with increased
expression, may be related to increased risk for oral
cancer and that these effects may be most prominent in
subjects with diets deficient in protective agents found in
fresh fruits and vegetables. However, larger epidemiologic
studies and expanded mechanistic investigations will be
needed to establish these relationships.
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